Mechanical characterisation of nanocrystalline graphite by Fishlock, Sam J. et al.
Introduction
Deposition of nanocrystalline graphite (NCG) has been achieved with plasma-
enhanced chemical vapour deposition directly onto insulating substrates such 
as silicon dioxide and silicon. Here we describe the mechanical 
characterisation of NCG through beam bending and resonance measurements 
of silicon/NCG composite microcantilevers.
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Beam Bending Experiments
The stiffness constant of the cantilever structures was calculated using atomic 
force microscopy in contact mode, as shown in figure 2. Cantilever tips of 
similar spring constant to the devices (~0.2 N/m) were chosen and used to 
deflect the cantilevers, giving force versus deflection measurements, with 
comparison made between the composite devices and prior to deposition.
Initial results show that NCG has a Young’s modulus of 800 GPa, 20% lower 
than graphite along the basal plane (1.0 TPa). The composite beam structure 
was modelled analytically and this agreed within 15% of the experimental 
solution.
Resonance Experiments
The stiffness value of NCG was separately measured using the resonance 
behaviour of the microcantilevers. The beams were dynamically actuated using 
a piezoelectric disk under an alternating current . The amplitude along the 
beam length was measured using laser Doppler vibrometry and this was used 
to determine the frequency of first mode of vibration of the device. 
The subsequent shift in natural frequency after NCG deposition was used to 
calculate the Young’s modulus in NCG. The value of 800 GPa as extracted 
from AFM measurements showed close agreement with the resonance 
experiments and also FE harmonic analysis of the response of the structure. 
Fabrication
Composite Silicon/NCG cantilever devices were fabricated using SOI wafer. 
Figure 1 shows a cross section demonstrating the fabrication process. Main 
fabrication steps as follows:
· Initial KOH backside release (two stage release process) 
· Frontside ICP etch of cantilever on 5 μm silicon device layer
· Final ICP release from backside
· Deposition of ~200nm NCG onto released cantilever
Figure 4. Frequency vs. amplitude plot, 1st mode, of a cantilever device as measured by LDV. Right, schematic of experimental setup.
Figure 1. SEM image of cantilever device, left, also SEM image showing corner of device, NCG layer visible.
Figure 2. Schematic of AFM beam bending setup
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Conclusions
The Young’s modulus of nanocrystalline graphite has been measured using 
two separate experiments, with a value of 800 GPa obtained. Agreement 
between the two experiments is good. Some variation in the results is 
expected through micromachining imperfections and work is currently on-
going to further investigate the material properties of NCG. This high 
stiffness value of NCG and its deposition method directly onto silicon 
substrates suggest its it could be an exciting material for use in resonant 
MEMS or NEMS applications. 
Figure 5. Visible light image with vibration amplitude along beam length overlaid, at first resonant mode and FE simulation below.
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Figure 3. Force-deflection measurements (AFM and calculated results) of silicon beam and NCG/silicon composite beam
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